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Purpose: Transforming growth factor-β1 (TGF-β1) plays a dual role in apoptosis and 
in proapoptotic responses in the support of survival in a variety of cells. The aim of this 
study was to determine the function of TGF-β1 in bladder cancer cells.
Materials and Methods: The role of TGF-β1 in bladder cancer cells was examined by 
observing cell viability by using the tetrazolium dye (MTT) assay after treating the blad-
der cancer cell lines 253J, 5637, T24, J82, HT1197, and HT1376 with TGF-β1. Among 
these cell lines, the 253J and T24 cell lines were coincubated with TGF-β1 and the pan 
anti-TGF-β antibody. Fluorescence-activated cell sorter (FACS) analysis was per-
formed to determine the mechanism involved after TGF-β1 treatment in 253J cells.
Results: All six cell lines showed inhibited cellular growth after TGF-β1 treatment. 
Although the T24 and J82 cell lines also showed inhibited cellular growth, the growth 
inhibition was less than that observed in the other 4 cell lines. The addition of pan an-
ti-TGF-β antibodies to the culture media restored the growth properties that had been 
inhibited by TGF-β1. FACS analysis was performed in the 253J cells and the 253J cells 
with TGF-β1. There were no significant differences in the cell cycle between the two 
treatments. However, there were more apoptotic cells in the TGF-β1-treated 253J cells.
Conclusions: TGF-β1 did not stimulate cellular proliferation but was a growth in-
hibitory factor in bladder cancer cells. However, the pattern of its effects depended on 
the cell line. TGF-β1 achieved growth inhibition by enhancing the level of apoptosis.
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INTRODUCTION

In human tissues, cells and their surrounding ex-
tracellular matrix microenvironment interact throughout 
all stages of life. These cooperative interactions involve nu-
merous cytokines acting through specific cell-surface 
receptors. Transforming growth factor β (TGF-β) is a versa-
tile cytokine that is intimately involved in cell growth, dif-
ferentiation, and immune modulation [1-3].

The initial experiments with TGF-β were based on its 
ability to induce malignant behavior in normal fibroblasts 
[4]. Such findings resulted in the concept that TGF-β was 

a key factor in tumorigenesis. However, several years later 
it emerged that TGF-β has profound growth suppressive 
effects on many cells, including epithelial cells [5]. 

TGF-β plays various roles in the process of malignant 
progression. It is a potent inhibitor of normal stromal, hem-
atopoietic, and epithelial cell growth. However, at some 
point during cancer development, the majority of trans-
formed cells become either partly or completely resistant 
to TGF-β growth inhibition [6]. Loss or mutational in-
activation of the genes that encode signaling intermediates 
in the TGF-β pathway have been described to be associated 
with the resistance to growth inhibition by TGF-β, thus al-
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lowing uncontrolled proliferation of the cells [7]. However, 
the stage of tumor development or progression at which 
TGF-β-resistant clones come to dominate the tumor cell 
population in different types of neoplasm remains to be 
defined. 

Bladder cancer is the fourth most common malignancy 
among western men, following prostate, lung, and colon 
cancer. In Europe and the United States, bladder cancer 
accounts for 5% to 10% of all malignancies among males [8]. 
In Korea, bladder cancer is the second most common urol-
ogy malignancy following prostate cancer and accounted 
for 2.7% of all malignancies among males in 2010 [9].

In the present study, we studied the role of TGF-β in blad-
der cancer cells. These findings can help to establish a 
treatment strategy with TGF-β for bladder cancer. 

MATERIALS AND METHODS

1. Cells and culture conditions
The human bladder cancer cell lines 253J, T24, J82, and 
5637 were obtained from the Korea Cell Line Bank (Seoul 
National University, Seoul, Korea). All cells were main-
tained in Dulbecco’s modified Eagle medium (DMEM) con-
taining 10% fetal bovine serum, 100 units of penicillin/mL, 
and 100 μg of streptomycin/mL. TGF-β1 and neutralizing 
antibodies were purchased from Sigma Chemical Co. (St. 
Louis, MO, USA). 

2. MTT Assay
The cell growth and cell viability after TGF-β1 treatment 
of the bladder cancer cell lines were assessed by the tetrazo-
lium dye (MTT) assay. The cells were seeded (2.5×103 
cells/well) in 200 μL of growth medium in a 96-well micro-
titer plate. The MTT assay was performed at 24, 48, and 
72 hours. For evaluation of cell viability, the growth me-
dium was replaced with culture medium containing vari-
ous doses of TGF-β1. Briefly, 2.5×103 cells were seeded in 
each well of 96-well microtiter plates and were allowed to 
attach overnight. The next day, the medium was replaced 
with culture medium (DMEM) containing various doses of 
TGF-β1. After incubation, 50 μL of 2 mg/mL MTT (Sigma 
Chemical Co.) was added to each well, followed by in-
cubation for 4 hours at 37oC. The formazan crystals were 
dissolved in dimethyl sulfoxide. The optical density was de-
termined with a micro-culture plate reader (Bio-Rad 
Laboratories, Richmond, CA, USA) at 540 nm. Absorbance 
values were normalized to the value for percentage of 
survival. Each assay was performed in triplicate.

3. FACS analysis
The 253J cells only, and 253J cells with 4 ng/mL TGF-β1 
in 1% serum media, were cultured. The cells were har-
vested at 24, 48, and 72 hours. The cell cycle was analyzed 
and the number of apoptotic cells was counted by fluo-
rescence-activated cell sorter (FACS). 

RESULTS

1. Cellular responses after TGF-β1 treatment
The role of TGF-β1 in bladder cancer cells was examined 
by observing cell viability by use of the MTT assay at 24, 
48, and 72 hours after treating the bladder cancer cell lines 
253J, 5637, T24, J82, HT1197, and HT1376 with TGF-β1. 
Among the six cell lines, 253J, 5637, HT1197, and HT1376 
showed marked growth inhibition after TGF-β1 treat-
ment. Although the T24 and J82 cell lines also showed in-
hibited cellular growth, the growth inhibition was less than 
that observed in the other four cell lines (Fig. 1). TGF-β1 
did not stimulate proliferation of the cells but acted as a 
growth inhibitory factor in the bladder cancer cells. 
Overall, the TGF-β1 grossly inhibited cell growth in the 
bladder cancer cell lines. The pattern of inhibition de-
pended on the type of cell line and the conditions used.

2. Cellular responses of 253J and T24 cells after neutraliz-
ing

To double-check the growth inhibitory effect of TGF-β1 on 
bladder cancer cells, we examined the growth properties 
of 253J and T24 cells after neutralizing the action of 
TGF-β1 by using pan anti-TGF-β antibody. After pan an-
ti-TGF-β antibody was added to the culture media, the 
growth properties of 253J and T24 cells that were sup-
pressed by TGF-β1 were restored (Fig. 2). The regain of 
growth was remarkable at 72 hours in 253J cells and at 24 
and 48 hours after TGF-β1 treatment in T24 cells (Fig. 2). 

3. FACS analysis of 253J cells after TGF-β1 treatment
The 253J cells only and 253J cells with 4 ng/mL TGF-β1 
were cultured in 1% serum media. The cells were harvested 
at 24, 48, and 72 hours to analyze the proportion of cells in 
a specific cell cycle and the proportion of cells experiencing 
apoptotic cell death. There were no significant differences 
in the proportion of cells in a specific cell cycle between the 
two treatments, with or without TGF-β1. However, there 
were more apoptotic cells in the TGF-β1-treated 253J cells 
(Fig. 3). 

DISCUSSION

There are currently five distinct isoforms of TGF-β with 
64% to 82% identity; only the TGF-β1, TGF-β2, and TGF-β3 
forms are expressed in mammalian tissues [10]. Among 
these three isoforms, TGF-β1 is known as the predominant 
isoform in bladder tissues and cells in terms of protein and 
mRNA levels [11]. Thus, we chose TGF-β1 for the current 
experiment to elucidate the role of TGF-β in bladder cancer 
cells. 

The role of TGF-β1 in bladder cancer cells was examined 
by observing cell viability by use of the MTT assay at 24, 
48, and 72 hours after treating the 253J, 5637, T24, J82, 
HT1197, and HT1376 bladder cancer cell lines with 
TGF-β1. The TGF-β1 concentration used in this study (2 
ng/mL and 4 ng/mL) was chosen on the basis of prior pub-
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FIG. 1. The cellular responses after transforming growth factor-β1 (TGF-β1) treatment in various bladder cancer cell lines. The cel-
lular responses were examined at 24, 48, and 72 hours after treating the bladder cancer cell lines (T24, 253J, 5637, J82, HT1197, and 
HT1376) with TGF-β1. (A–F) All bladder cancer cell lines showed growth inhibition after TGF-β1 treatment. The properties of growth 
inhibition were more remarkable with the 253J, 5637, HT1197, and HT1376 cell lines (A, B, E, F) than the T24 and J82 cell lines (C, 
D) after the TGF-β1 treatment.

lished studies [12,13] and a preliminary study performed 
in our laboratory (data not shown). For the cell viability 
study using the MTT assay, the 253J, 5637, HT1197, and 
HT1376 cell lines demonstrated inhibited growth after 

TGF-β1 treatment. The pattern of growth inhibition was 
time-dependent rather than dose-dependent. This pattern 
of dose independency has been observed in other cellular 
response experiments using growth factors [14,15]. These 
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FIG. 2. The cellular responses after neutralizing with pan antitransforming growth factor-β1 (TGF-β1) antibody in the 253J and T24 
bladder cancer cell lines. (A, B) After neutralizing the action of TGF-β1, the 253J and T24 cell lines recovered their proliferative 
function. In 253J cells, the recovery was remarkable 72 hours after the TGF-β1 treatment. (A) In T24 cells, the recovery was remark-
able 24 and 48 hours after the TGF-β1 treatment (B).

FIG. 3. Fluorescence-activated cell sorter after the transforming growth factor-β1 (TGF-β1) treatment. There were more apoptotic 
cells in the TGF-β1 treated 253J cells. These findings were significant 48 hours after the TGF-β1 treatment (A). However, there were 
no significant differences in the cell cycle between the two treatments (B).

time-dependent inhibition patterns were clear at 48 hours 
after treatment (Fig. 1). Another two cell lines, T24 and 
J82, also showed inhibited cell growth, but the effect on 
growth inhibition was less than that observed in the 253J 
and 5637 cells (Fig. 1). A number of experimental studies 
have provided evidence for the acquisition of TGF-β1 re-
sistance at relatively late stages of carcinogenesis and evi-
dence that TGF-β1-resistant cancer often contains bio-
active TGF-β1 [7]. It is reported that over-expression of 
TGF-β1 is associated with aggressive pathologic features, 
biological progression of disease, and death from bladder 
cancer [16]. We guessed that the cell lines established from 
invasive bladder cancer showed a proliferative response to 
TGF-β1 treatment before exhibiting the growth inhibition 

response of all bladder cancer cell lines. Among the cell 
lines used this work, all 5 cell lines except 253J originated 
from invasive bladder cancer; the 253J cell line was estab-
lished from lymph node metastasis specimens [17,18]. 
These cellular response data suggest that TGF-β1 may be 
a candidate molecule for target therapy of aggressive blad-
der cancer. However, we must keep in mind that these are 
the results from an in vitro cellular response experiment 
only. Additional translational research is needed to apply 
this work to bladder cancer patients. 

Among the six cell lines studied, the 253J and T24 cell 
lines showed reproducible results in repeated MTT assays. 
Therefore, we chose these two cell lines for further ex-
perimentation to double-check the growth inhibitory effect 
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of TGF-β1. We neutralized the TGF-β1 effect by using the 
pan anti-TGF-β antibody and then observed growth 
patterns. The 253J and T24 cell lines were coincubated 
with TGF-β1 and the pan anti-TGF-β antibody. The addi-
tion of anti-TGF-β antibodies to the culture media restored 
the growth properties that had been inhibited by TGF-β1 
(Fig. 2). Hence, these results provide evidence that the 
growth inhibition of bladder cancer cells was induced by 
TGF-β1.

Additional experiments were performed to study the 
mechanisms involved in growth inhibition. The 253J cell 
line was chosen because it showed constant and marked 
growth inhibition on repeat cell viability assays. In the 
FACS analysis, there were no significant differences in the 
cell cycle between the two treatments (the 253J cells only 
and the 253J cells with 4 ng/mL TGF-β1). However, there 
were more apoptotic cells in the TGF-β1-treated 253J cells. 
Therefore, TGF-β1 achieved growth inhibition by enhanc-
ing the level of apoptosis in the 253J cell line. It is known 
that TGF-β1 inhibits the growth of nonneoplastic epi-
thelial cells by regulating molecules related to the G1 and 
S phases of the cell cycle. The cell cycle inhibition occurs 
through up-regulation of mito-inhibitors including p15, 
p21, and p27, and the cell cycle activation occurs through 
down-regulation of mito-activators including cyclins and 
cyclin dependent kinases [19-22]. Even though there are 
insufficient data on neoplastic cells, the mechanism for cell 
cycle regulation might be similar. In the present study, 
TGF-β1 induced growth inhibition of 253J cells and there 
were no significant differences in the cellular proportion of 
cell cycles (Figs. 1, 3). Even though TGF-β1 has been known 
as a micro-environmental regulatory molecule that signals 
cell cycle arrest, that feature was not evident in the bladder 
cancer cells. Whether there is a change in expression of the 
cell cycle regulation molecules after TGF-β1 treatment in 
bladder cancer cells would be valuable to study. The results 
of the present study seem to suggest that there might be 
no significant changes in the expression of the cell cycle reg-
ulation molecules in bladder cancer cells after TGF-β1 
treatment. Recently, Al-Azayzih et al. [23] reported that 
TGF-β1 induces apoptosis via p38 mitogen-activated pro-
tein kinase and c-Jun N-terminal kinase/stress-activated 
kinase-mediated activation of caspases in T24 cells. This 
report strongly supports our opinion that TGF-β1 achieved 
growth inhibition by enhancing the level of apoptosis. 

CONCLUSIONS

TGF-β1 did not stimulate cell proliferation but rather 
growth inhibition of bladder cancer cells. However, the pat-
tern depended on the cell lines used. TGF-β1 achieved 
growth inhibition by enhancing the level of apoptosis in 
253J cells. Overall, our data indicate that TGF-β1 can be 
considered as a candidate molecule for target therapy of 
bladder cancer.
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